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PERFECT MMERARXM 

INV3STI0ATI0JI OF INTAKE D0CT3 FOR A HIGH-SFSED 

sniSONIC JST-PHCFELLEJj ITHHAW 

Ey Hsrbert K. Coher. 

BOVtUtX 

Results of pressure-loss .T.easureTents are presented for full-scale 
models of two elv.orn;.ta ducts under consideration for use in the 
induction system of r.n experimental jet-propelled airplane designed for 
flight at high subsonic speeds.    Supplementary pressure-loss measure- 
inents ware made; on the better of the two ducts, designated duct II, 
first with carborundum grains in the duct inlet and then vith a 
spoiler in order to obtain an indication of the importance of inlet 
roughness and surface discontinuities.    Additional Measurements were 
made of duct II incorporating a horizontal "splitter" vane utiich was 
under consideration for structural reasons. 

For standard sea-level inlet conditions, the pressure loss for 
duct II at the maxiramr. test riir-flor; rr.te of 27 pounds per second Ml 
about 8 pound3 per square foot or only 37 percent of the loss for 
duct I.    The pressure lo33<?s of duct II v;ere increased approximately 
SO percent by the installation of tho splitter van'* or the use of the 
carborundum grains and about 700 percent by the use of the spoiler. 

i»T»a>cor«ai 

In the; design of an experimental .i-jt-propelled airplane intended 
for flight at high subsonic speod3, several alternate duct geometries 
for use in the air-induction system have bean undor consideration. 
Pressure losses of full-scale models of the proposed ducts were there- 
fore measured in order that their suitability to the requirements of 
the airplane ndjht bo evaluated.    The airplane, v<hich has a jet engine 
located in the fuselage directly behind the pilot's seat, io illustrated 
as figure 1.    Tho air-induction system has a single nose inlet, immedi- 
ately bohlnd which the duct divides to pass around tho pilot's seat and 
wheel well and  Joins   again at the inlet to the jet engine.    'A'ind-tunnel 
tasts of a similar arrangement wcru previously reported in reference 1. 
The duct designatod duct I wss designed to minimize thß frontal area of 
ths airplane and necessarily operated ~t high internal •flow velocities. 
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Estimates of the performance of this duct based on data such as those 
of refsrence ? indicated that the internal losses would he excessive. 
Duct II was therefore designed to incorporate larger internal passages, 
wherever possibly in order to roauce the ducting loosed.   This increase 
in duct area was accomplished at the expense of a SO-percent, increase 
in fuselage frontel area; it was balioved, ncwever, that this increase 
could be effected without impairing the performance of the airplane. 

The pressure losses for both ducts were maaaured over a range of 
weißht rate of air flow. In order to obtain an indication of the effects 
of I'Inieh and worknunnhip on the ductd, pressure lessee of the second 
duct were also measured first with carborundum grains and tuen with a 
spoiler in the duct inlet. Measurumonts of the second duct were then 
repeated after installing a long horizontal '"splitter" rano which was 
under consideration for structural rtir.aons. 

Tho lnveoti{j,ation waa conducted at the Langloy induction 
aerodynamics laboratory of tho NACA; 

SYMBOLS 

total pressure, pounds per square, foot 

aver'jgo total proosure, pounds per square foot 

dyn'imic pressure, pounds per square foot ,• 

\"  J 
V       velocity, feet pur second 

W       weight rate of :iir flow, pounds per aucond 

p       mass dunsity of air, alugs par cubic foot 

B1      relative density, that is, ratio of density of air et duct inlet 
to stnndCiTd density MAA] 

Subscripts: 

e   at duct exit 

i   ut duct inlet 

I       any local point in a duct section 

\ 
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for standard sea-l';--el conditions (29.92 in. rig absolute 
pressure and 60" F temperature) 

max :.<: X! <Li 

MODELS A:ID APPARATUS 

4 

Lines of the original duct (duct I) and the redesigned duct 
(duct, XI) pre shown in figures 2(a) ano. 2(b), respectively.    Only the 
right half of the 3;-mmatrical ducts was reproduced for the tests. 
Views of the inllsts for both ducts and of the exit for duct I are 
shown in figures ? and L>, respectively.    The short rear splitter vane 
for duct I, indicated in figure 2(a),  is shown also in figure h.    The 
long horizontal splitter "Mio tbftt vas considered for use with duct II 
is indicated by the short aashed lines in figure 2(b) and is shown in 
a disassembled vie?? of the duct in figure 5.    Cross-secticnal areas 
and liydraulic di&ireters for several stations of duct I, duct II, and 
duct II with tbt splitter vane are given in table I. 

The test setup is shown in a diagrammatic sketch in figure 6(a) 
and in a photograph in figure 6(b).    The apparatus, in general, con- 
sisted of a blower, an air-flow symmetry control apparatus, a bleed 
arrangement to eliminate boundary layer at the inlet, a calibrated 
venturi noter, and adapter ducts.    A dumnr duct on the left side with 
an inlet the same as that for the ttst duct was used to obtain a 
symmetrical inlat flow.    A resistor control valve vras provided at 
the exit of the dummy duct to rsgulate the flow.    {Cue fig. 6(a).) 

Rakes used for measuring duct-inlet and duct-outlet total and 
static pressures are shov.n in figures li, ?, and 7.    The reference 
pressure for use in correlating the rake data was obtained for 
duct I by use of a total-pressure tube located upstream from the air 
ir.take.    The reference pressure for duct II was obtained froip a 
shielded total-pressura tube placed in the dumiy-duct inlet.    (See 
fig. 3(u)0    »'all static-pressure openings placed symmetrically in 
the dummy duct and in the test duct a short distance dovnstream from 
the inlets were used as a guide in establishing sy,^r.etry of flow in 
the combined Inlets.    (See figs. 3(a.) and £.)    Additional instrumen- 
tr.tion consisted of two U-tube nanometers connected differentially to 
each pair of v.^all static-pressure openings, a calibrated venturi meter, 
a multiple-tube manometer, and a camera orrangad to photograph the 
manometer. 

i 
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TESTS *ND IETKÜ5S 

Tests rare' made first to determine the size of the bleeder 
necessary to re.iove the boundary layer ahead of the test duct.    The 
bleed width was increased until the deficiency in total pressure of 
the air flow near the duct wall was reduced to a negligible quantity 
throughout the entire flow ranf;e.    The bleed width so deteininec' wa3 
used throughout the pre3sure-loss teste. 

After the bleed setting ras determined, the resistor control 
was adjusted for flor. symmetry, which was indicated by null readings 
on the U-tube manometers.    Pressure losses in the tent ducts were then 
measured over a range of air-flow rate extensive enough to include 
important scale effects.    In those teats, pressures acre measured 
first at the duct inlot; tha inlet rakc3 Kara then renoved before 
pressures were .neasurad at the exit to avoid including the vakc 
losaes of the inlet ratela the results.    Results were put on a common 
basis by the use of the reference pressures. 

Duct II T.a3 ts.;ted also Kith simulated Banufaoturing roughness 
in the inlet.    This roughness was obtained by a ii-inch coating of 
Ito. 60 (0.012-inch average disaster) carborundum grain» attached to 
the surface with shellpc.    (See fi^. 3(b).)   After the B&rborundjl») 
was removed, the worst conceivable construction defect ras simulated 

by a brass-rod spoiler of -v-inch-aquaro soction placed in the 

inlet.    (Sec fig. 3(c).) 

RESULTS A::D 3JIS3U33ICJ 

% 

1        ! 

Because of the characteristics of the setup, the entry condi- 
tions correspond to those for an installation operating with the 
airplane in level flight at -n inlet-T'elocity ratio near 1.   Although 
the inflow for these tests does not simulate ary flight conditions 
for this ilrplane, the pressure-loss results are beli. ved to be con- 
servative for the high-speed condition at which the divergence of tho 
entering streamlines would tend to aid the internal diffusion.    Ho 
serious decrease in duct perfomance is expected over the vt-iy limited 
range of angle of attack for which high porfon.iance is required for 
such an airplane. 
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Total rroeoure end Velocity Distribution of Duct Exile 

A representative distribution of velocity and totai-proesure 
deficiency in the duct exit io shoun in figure 3(a) for duct I and 
in figure B(b) for duct II.   The velocity distribution io presented 
in terma of the ratio of local velocity to maximum velocity measured 

vel at the duct exit   :.—*-•    The total-pressure deficiency is presented 
efflBX 

in the form of a local pressure-Ions coefficient baaed on the Suet- 
Hi - He l 

inlet total end dynamic pressures 
<Ji 

The reductions in 

local velocity and increases in local proaeuro-loss coefficients that 
occur near the woll of the duct appear to he somewhat leas for duct II 
then for duct. I. 

Pressure Loosen 

The pressure-loss results are presented in the form of duct 

pressuro-loas coofficionta 
Hi 

an? absolute proasure looses 

... ^ 

corrected to atandard conditiona    UJ^HJ - HG).    '.'.Tin presouro-loss 
coefficient has the advantage of becoming approximately independent 
of air flow at the high rates of flow,    "lie corrected duct pressure 
loas la necessary to permit direct compr.riBons of losses for ducts 
that differ in inlet area. 

Duct preBSuro-looe coefficients based on average pressures are 
given in rifjure 9 over a ranjje of air-flow rate for duct I, for duct II, 
and for duct II with splitter vane, with carborundum greine,and with 
spoiler.   Presaure-loas coefficients for duct I ranged from r.bout 
O.52 at on air-flow rate of U pounds per second to about 0.19 at an 
elr-flow rate of 27 pounds jjer second.   Above an oir-flow rate of 
10 pounds per second, the curve tends to flatten out.   Because of the 
alow decrease in pressure-loss coefficient at the hi^h rates of flow, 
it is believed that this curve may bo oxtoapol-ted with little «irror. 

The preosure-loao coefficients for duct II (fiß. 9) range from 
0.17 at an air-flow rate of k pounds per socond to 0.06 at an air-flow 
rate of 27 pounds per second.    In general, the variation of preaBuro- 
looa coefficient with air-flow rnte la similar In character for duct II 
and duct I.   Because the inlet areas of the two ducts r.ro not the 
same,  the ratio of pressure-loos coefficients will differ from the 
ratio of absolute pressure losses at any piven air-flov rate. 

\ 
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An Increase In prsasure-loas coefficient waa obtained when the 
eplitter vano waa inaurted in duct II.   At 27 pounds of air flow per 
second, the preaaure-loBa coefficient increased from 0.06 without the 
aplittor vane to 0.09 with the vane - a 50-percent increase    (See 
fig. 9.)    This largo increase in loas can be attributed to the 
increase in wetted area mid slight decrease in croas-sectlonal area 
that resulted from insertion of tho vane. 

The curve of preusure-loag coefficient obtained for duct II with 
carborundum grain« in to» Inlat closely approximates that which was 
obtained for duct II with the splitter vune.    (Sea fig. 9-) 
Installation of a spoiler around thu poilmeter of the Inlet of duct H 
produced large increaaea in the pres3uro-losa coefficient at all but 
the very lowest air-fl«w rate and changed tho character of too variation 
of IOSJ coefficient with air flow.    At the highest air flows the 
pressuro-loaa coefficient of duct II incraoaed «.beut 700 percent with 
the addition of the apoiler.    Tho rise in prensuro-loas coefficient 
with increasing air flew, in oontraat to the decreasing characteristic 
obtained without the upoller, may bo indicative of thu occurrence of 
separation and the formation of a flow pattern similar to a. vena 
contnetu.   On the baala of these resulta it is desirable to avoid 
roughnoss or discontlnuitiaa (auch as a faulty Joint) at th» duct lnlot. 

Ail arithmetic mean 01' the prossurus waa u;ied in computing the 
prosuure-losa coefficients of figure 9 In ord>sr to facilitate compu- 
tation of toe urgently needed Rumparatlve datn.    The pressure-loss 
coefficients for duct II and duct II with splitter v-aue, the more 
important duct3, wore uldo ccmLiut-id by flow-weighted integration 
methods.    (;•'••«-. fig. 10.)    THu prossure-leas coefficients obtained by 
the integration method for duct II and duct II with splitter vane are 
about 10 percent greater toon those obtained by the -.ri tome tic average. 

Tho variationc of corrected duct preosuro loss   et  (Hj   * H0) 
with weight rate of air flow are shown in   figure 11, which was derived 
from the data presented in figure 9 •    Sincu the ordinate of figure 11 
represents absolute losses instead of coefficients involving the 
geometry of tho inlet, the relative merits of tho test configurations 
can be determined directly from this figure.   Suet II is shown to have 
tho lowest losses throughout th? entire range  of 'ii"-flov r-.te.     At 
27 pounds of air flow per second, thu muximum flow rate tented, the 
loss in duct I for standard sea-level density at tho duct inlet was 
about 21.',' pounds per square foot, compared with m value of about 
8 puunda per square foot for duct II• a 

- 
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Tote! Pressure and Velocity Distribution of Duct Exits 

A representative contribution of velocity and total-preesure 
deficiency in the duct exit is shown in figure 3(a) for duct I and 
in figure 8(b) for duct II.   The velocity distribution io presented 
in terms of the ratio of local velocity to maximum volocity measured 

at the duct exit '•I 

°max 
The total-pressure deficiency is presented 

in the form of a local pressure-loss coefficient based on the duct- 
Hj - HeZ inlet total and dynamic pressures 

<3i 
The reductions in 

local velocity and IncreaoeB in local pressure-loss coefficients  that 
occur near the wall of the duct appear to be somewhat less for duct IT 
than for duct I. 

Pressure Losses 

The pressure-loss recults are presented in the form of duct 

prossuro-losa coefficients 
Ki s. 

an-' absolute pressure losses 

corrected to standard conditions    «JJ^HJ - \).    The pressure-loss 
coefficient has the advantage of becoming approximately independent 
of air flow at the high rates of flow,    "ihe corrected duct pressure 
loss 1B necessary to permit direct comparisons of losses for ducts 
that differ in inlet area. 

Duct pressure-loss coefficients besod on average pressures are 
given in figure 9 over a ran;:e of air-flow rate for duct I, for duct II, 
and for duct II with splitter vane, with carborundum grains, and with 
Bpoiler.   PreBOUi'6-loss coefficients for duct I ranged from about 
0.>2 at an air-flow rate of U pounds per second to about 0.19 at an 
sir-flow rate of 27 pounds per second.   Above an air-flow rate of 
10 pounds per second, the curve tends to flatten out.   Because of the 
slow decrease in pressure-loss coefficient at the hi^h rates of flow, 
it is believed that this curve may bo extrapolated with little error. 

The pressure-loss coefficients for duet II (fig. 9) range from 
0.17 at an air-flow rate of 1* pounds per socond to 0.06 at an air-flow 
rate of 27 pounds per second.    In eeneral, the variation of pressure- 
loss coefficient with air-flow rite is similar in character for duct II 
and duct I.   Because the inlet areas of the two ducts are not the 
same, the ratio of pressure-Ions coefficients will differ from the 
ratio of absolute pressure looses at any piven air-flow rate. 
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An Increase in pr«S3uro-loss coefficient was obtained when the 
splitter vane wa.s Inserted in duct II.    At !*J pounds of air flow per 
second, the pressure-loss coefficient increased from 0.06 without the 
splitter vane to 0.09 with the vane - a 50-percent increase.    (See 
fig. 9-)    Xhls large increase In loss can be attributed to the 
Increase in wetted area and slight decrease in cross-sectional area 
that resulted from insertion of the vane. 

Olio curve of pressure-loss coefficient ob+alned for duct II with 
carborundum grain.] in the Inlet closely approximates that which was 
obtained for duct IT with tne splitter vane.    (See fig. 9 0 
Installation of a spoiler around thu purlmeter cf the inlet of duct H 
produced large increases in the pressure-loss coefficient at all but 
the very lowest air-flow rate and changod tho character of tho variation 
of loss coefficient with air flow.    At the highest air flows the 
pressure-loss coefficient of duct; II inoreased about 700 percent with 
the addition of the spoiler.   The rise in piessuro-loss coefficient 
with increasing •ilr flow, in contrast to the decreasing characteristic 
obtained without the epoilsr, may be indicative of the occurrence of 
separation und the foimatlu.i of u flow pattern similnr to a vena 
contracts.   On tha b&sis of these results it is desiruble to avoid 
roughness or discontinuities (such as a faulty Joint) at tha duct inlet. 

An arithmetic mean of the pressures was used in computing the 
pressure-lcsa coefficients of figure 9 in order to facilitate compu- 
tation of the urgently needed crmiparative data.   3hu pressure-loss 
coefficients for duct II und duct II with splitter nur.  the more 
important ducts, were also comiaitjd by flow-weighted integration 
methods.    (See fig. 10.)    The pressure-lc-as coefficients obtained by 
the integration method for duct II -uid duct II with splitter vane are 
about 10 percent greater thin those obtained by the firlthmetlc average. 

Tho variutiono of corrected duct pressure less   ai (8j£ - H0) 
with weight rate of air flow are shown in   figure 11, which wua derived 
from the data presented in figure 9.    Since tho ordlnnte of figure 11 
represents absolute loases instead of coefficient* Involving the 
geometry of tho inlet,  the relative merits of tho test configurations 
can be dotemlned directly from tills figure.    Duct II is shown to have 
the lowest losses throughout th? «stirs ränge of air-flow rat«.    At 
27 pounds of air flow per second, thu maximum flow rite tooted, the 
loss In duet I for standard sea-level density at thu duct inlet wets 
about 81*3 pounds per square foot, compared with ^ value of about 
8 pound.- pel- square foot for duct II. 

\ 
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CONCLUSIONS 

An investigation to determine the pressure losses of intake 
ducts for a high-speed subsonic Jet-propelled airplane indicated 
the following results expressed in the form ef arithmetic presoure 
averages: 

1. The pressure losses for ducts I and II at an air-flow rate 
of 27 pounds per second were 19 percent und 6 percent, respectively, 
of the dynamic pressure at the inlet. 

2. For standard sea-level Inlet conditions, the pressure loss 
for duct II at the maximum test a~r-flow rate of 27 pounds per second 
was about 8 pounds per square foot or only 37 percent of the loss for 
duct I. 'itiis percentage Is not the srjna as the ratio of the losses 
expressed in percent of the inlet dynamic pressure because of Inequal- 
ity of the duct-inlet areas. 

3. The pressure loss for duct II with the splitter vane at 
an air-flow rate of 27 pounds per oecond was 9 percent of the dynamic 
pressure at the inlet, a value 50 percent greater than the loss for 
duct II. 

fe. It is highly desirable to avoid roughness or discontinuities 
(such as a faulty Joint) at the duct inlot. A moderate umount of 
roughmss at the inlet increased the duct pressure loaa by 50 percentj 
a sufficiently large inlet discontinuity increased the duct pressure 
loss by about 700 percent. 

I 

Langloy M'-oiorisl Aeronautical Laboratory 
National Advisory Committue for Aeronautics 

Laugluy Field, Va. 
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TABLE I.- CROSS-SECTIOML AREAS ADD 

HYERAULIC DIAMETERS OP DW3TS 

Station 
CroBB-sectlonal area 

(eq In.) 
Hydraulic diameter 

(in.) 
(a) 

Duct I 

10.5 
15.0 
55.0 
9U.5 

167.O 

168 
151 
151 
150 
2lU 

9.06 
8.28 
8.16 
7.72 
8.1*0 

mict n 

10.1*38 
15.0 
60.0 
91.0 

160.0 
167.0 

151 
161* 
2^9 
28U 
231 
220 

11.97 
12.55 
16.1*2 
15.03 
12.53 
11.05 

Duet H vlth eplltter vane 

10.1*38 
15.0 
60.0 
91.0 

160.0 
167.O 

151 
156 
25O 
278 
22'* 
220 

11.97 
9.6!* 

10.90 
11.10 
10.1*0 
11.05 

I 

\ 

"The hy.i~mi.iic diameter la 1* tines the croso-sectional area 
divided 'by the wetted perimeter. 

NATIONAL ADVISORY 
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(b)   Inlet of duct n showing carborundum grains on surface. 

Figure 3.-   Continued. 
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(c)   Inlet of duct II with spoiler 

Figure 3.-   Concluded. 
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